Some Cd has been reported to block Ca channels,it might prevent neurotransmitter release from the presynaptic ending.In pH8 control saline,the excess of K (22mM)caused significant hyperpolarization and an evident decrease in membrane resistance,and these changes were not modified much after 1mM Cd addition.In pH6.5 and 5 saline,the high K-induced hyperpolarization was markedly suppressed or even changed to depolarization by 1mM Cd.The resistance change was also decreased in low pH Cd saline.Cadmium exerted a greater effect at rather higher concentrations. The results obtained suggest that the high K-induced hyperpolarization is due to the release of inhibitory neurotransmitter.
The membrane resistance of the cells was markedly decreased with the hyperpolarization.This phenomenon was considered to represent a result of the summated IPSP's elicited by the presynaptic inhibitory effect of Cd in low pH saline on the membrane potential of snail ganglion cells in order to analyze this phenomenon further.Since Cd has been reported to block Ca channels,it might prevent neurotransmitter release from the presynaptic ending.In pH8 control saline,the excess of K (22mM)caused significant hyperpolarization and an evident decrease in membrane resistance,and these changes were not modified much after 1mM Cd addition.In pH6.5 and 5 saline,the high K-induced hyperpolarization was markedly suppressed or even changed to depolarization by 1mM Cd.The resistance change was also decreased in low pH Cd saline.Cadmium exerted a greater effect at rather higher concentrations. The results obtained suggest that the high K-induced hyperpolarization is due to the release of inhibitory neurotransmitter.
A high concentration of external K was found to cause hyperpolarization instead of depolarization in some snail ganglion cells (YAI,1978) .A similar kind of high K effect has also been reported in other molluscan neurons such as those of Aplysia (SATO et al.,1968) and Onchidium(OoMURA et al.,1974) .This phenomenon is quite contradictory to the expectations of the Nernst equation assuming that the resting membrane potential behaves as the K-electrode.This has been explained as a result of the summated inhibitory postsynaptic potentials elicited by inhibitory neurotransmitter from the presynaptic fibers which are primarily depolarized by high K.
Cadmium(Cd)was reported to block the release of neurotransmitter from the endings of certain autonomic postganglionic fibers (HAYASHI and TAKAYAMA, 1978) .On the other hand,Cd suppressed the contractility of cardiac muscle,and this effect was enhanced at lower pH (Holzman and HAYASHI,1979) .The present paper examines the Cd effect at low pH saline on high K-induced hyperpolarization. Preliminary accounts of this work have been given elsewhere (BORKOWSKA et al.,1980 Effect of Cd in normal and low pH saline The membrane potential of the snail ganglion cells depolarized slightly after a 10-min application of 1mM Cd in any of the pH8,6.5 or 5 salines (Table 1) . Although no significant difference in depolarization was observed between the three kinds of pH saline(P>0.5),the membrane resistance appeared to increase with decrease in pH(Table1).The difference between the Cd-induced increase in membrane resistance in pH 8 saline and that in pH5 saline was found to be significant(P<0.035).
Table1.
Effects of Cd(1mm)on the membrane potential and resistance.
pH-dependent effect of Cd on the high K-induced response The effect of Cd on the high K-induced response in low pH(6.5 or 5)saline was compared with that in normal pH 8 saline.The high K-induced hyperpolarization was scarcely altered by either lowering the pH(P>0.7)or by the application of 1mM Cd in pH8 saline(P>0.1).Only in low pH saline did 1mM Cd significantly inhibit the high K-induced hyperpolarization(P<0.005)( Table  2) ; it changed to depolarization in about half of the cells examined(10 of 22 cells), and to much less hyperpolarization in most of the other half(9 cells).High Kinduced decrease in membrane resistance in normal pH8 saline was suppressed by lowering the pH and/or the application of Cd (P<0.005);the suppression was Changes in membrane potential and resistance caused by the application of high external K(22mM)in different pH saline in the absence(A1 and B1)or presence(A2 and B2)of 1mM Cd.Al and A2,transmembrane potentials in pH8 saline;B1 and B2,in pH6.5 saline.The number on the left side of each record,the initial resting potential. At the top of the records,time of application of the control and high K saline containing 4mM and 22mM K were shown,respectively.Periodical downward pulses were applied every 5sec for the measurement of membrane resistance.Note that the high K-induced hyperpolarization in A1,A2,and B1 changed to high K-induced depolarization in B2. For further details,see text.
greatest in low pH-Cd saline,and became less in low pH saline and pH 8-Cd saline in that order.
An example of the experimental records is shown in Fig.1 .When the external K was increased from 4mM(4 K)to 22mM(22 K)in normal pH 8 saline, the membrane potential was slightly hyperpolarized by 5mV and the membrane resistance was remarkably decreased to 1/15(A1).These results correspond to those reported previously (YAI,1978) .Pretreatment with 1mM Cd for more than 2min caused some inhibitory effect on the high K-induced resistance decrease(from 1/15 in A1 to 1/4 in A2).As described above,Cd depolarized the membrane,which should enhance the high K-induced hyperpolarization.However,the hyperpolarization was barely changed due to the suppressive effect of Cd(A2).When the pH of the perfusing saline was changed from 8 to 6.5,the membrane potential depolarized by 7.5mV(B1).The decrease in membrane resistance by high K was 1/4 of the normal K(B1).The extent of the decrease was smaller when compared to that in pH 8 control saline(A1),and almost the same as that in pH 8-Cd saline(A2).After treatment with 1mM Cd,there was high K-induced depolarization instead of hyperpolarization(B2).A train of spikes was also evoked by this depolarization.The decrease in membrane resistance by high K was greatly inhibited in low pH-Cd saline(B2),i.e.,the resistance was reduced to only 1/2 of the normal K in B2 compared to 1/15 in A1. In this case,the inhibitory effect on the decrease in membrane resistance in low pH-Cd saline(B2)appeared to be an additive effect of low pH(B1)and Cd(A2). However,as will be shown later,even when a low pH itself exerts no effect,Cd exerts a much greater inhibition at low pH(see Fig.3 ).
Another example of the effect of Cd and pH 6.5 is shown graphically in Fig.  2 . In low pH-Cd saline,this cell was depolarized by 2.0 mV in high K,while it was hyperpolarized by 11.5 and 9.5 mV in normal and low pH saline,respectively.In pH 8-Cd saline,it was still hyperpolarized by 7.5mV in high K,al- Membrane potentials(MP)and resistances(R)in various saline of pH 6.5 and 8. All the data in the high K saline were obtained at the time when the membrane resistance became minimum.Those in normal K saline were recorded just prior to the application of high K saline.Cadmium concentration,1mM. Fig.3 . A similar experiment to that in Fig.2 Dose-response curve in pH 8 and 5 saline
In our experiments,Cd at a concentration of 1 or 2mM suppressed the high Fig.4 . Current-voltage relationship in pH 8(top figure) and pH 5 saline(bottom figure) containing 4 or 22mM K in the absence or presence of 1mM Cd.The membrane potential(ordinate)was plotted against the inward current(abscissa)through the membrane of the neuron soma.
K-induced response mainly in low pH saline.The suppressive effect on the high K-induced hyperpolarization was examined at various concentrations of Cd in pH 8 and 5 saline.In Fig.5 ,|H-H0|is plotted against [Cd] ,where H is the high K-induced hyperpolarization in Cd saline,and H0 is that in the control.Cadmium scarcely suppressed the hyperpolarization at a concentration lower than 1mM, and it did so maximally at over 10mM in pH 8 saline.The half-maximal value of Cd was 3.1mM.In pH 5 saline,Cd exerted little effect on the hyperpolarization at a concentration lower than 0.2mM, and did so maximally at over 2mM. The half-maximal value of Cd was 0.72mM in pH 5 saline,which was about 1/4 of the value in pH 8 saline.Since a Cd concentration of over 5mM often caused an irreversible change in membrane potential and high K-induced response,we decided to use 1 or 2mM Cd.This concentration of Cd happened to show a large difference between pH 5 and pH 8 saline as illustrated in Fig.5 SATO et al.,1967 SATO et al., ,1968 OOMURA et al.,1974; YAI,1978) HAGIWARA et al.,1961) ,and crayfish muscle (REUBEN et al.,1962) and neuron (HAYASHI,1969) This work was supported in part by a grant from the Japan Society for the Promotion of Science to M.J.Borkowska.
